Purpose To investigate the frequency of thickening of pulleys for flexor tendons in patients with early arthritis in their hands, and to evaluate it as a predictive sign of PsA. Methods A prospective observational study involving 228 consecutive patients presenting with recent onset of arthritis in their hands was conducted at rheumatology outpatient clinics in the Veneto region of Italy between October 2014 and September 2017. Diabetic patients were excluded because of the high frequency of trigger finger. The final diagnosis of the rheumatologist delivered after 12 months of follow-up, was considered as the gold standard for the analysis of diagnostic accuracy. Results Twenty-two patients were excluded from the study because of diabetes. A total of 86 patients with thickening of A1 pulleys in flexor tendons and 120 without were evaluated. Pulley thickness was significantly associated with a family history of psoriasis (18/86 vs 3/120, p ˂ 0.001) and diabetes (9/86 vs 4/120, p = 0.036), and with a personal history of cutaneous psoriasis (25/86 vs 10/120, p ˂ 0.001), psoriatic onychopathy (7/86 vs 2/120, p = 0.028), lower back pain (22/86 vs 11/120, p = 0.001), Dupuytren's disease (7/86 vs 2/120 p = 0.028) and De Quervain tenosynovitis (4/86 vs 0/120, p = 0.028). In isolation, this sign had a good sensitivity rate (80%). The specificity rate for the disease was barely significative (71%), with an LR+ of 2.71 for PsA. Conclusions The thickening of the pulleys in the flexor tendons is an easy-to-detect sign with good sensitivity for the diagnosis of PsA. Its specificity and positive predictive value are not very high; however, if it is included in a complete classification process, sonographers should report it during hand evaluations of patients with arthritis.
Introduction
Clinical recognition of early-stage psoriatic arthritis (PsA) is especially challenging when the disease predominantly affects peripheral joint. The Assessment of SpondyloArthritis International Society (ASAS) criteria for peripheral spondyloarthritis (SpA) [1] are to be applied in patients with peripheral arthritis. Usually, however, peripheral arthritis is asymmetric, and predominantly involves the lower limbs or entheses. Even after the introduction of the Classification Criteria for Psoriatic Arthritis (CASPAR) [2] , peripheral arthritis still presents one of the most difficult differential diagnosis scenarios in rheumatology.
Pulley thickening has been described with MRI in PsA patients with dactylitis. Tan et al. noted that the small entheses associated with the tendon pulleys (A2, A3, and A4, but not A1) and sheaths could be sites of enthesitis relevant to the tenosynovitis pathology [3] . It is unclear if this observation is specific to dactylitis in PsA, as it had been previously noted that there was also an absence of flexor tendon insertion enthesitis in osteoarthritis of the finger joints, although the tendon pulleys and sheaths were not examined [4] . In all these studies, there is neither evidence relating to the frequency of these aspects in other forms of arthritis nor correlation with the degree of disease activity.
For these reasons, we decided to confirm the previous data with a high spatial resolution method like ultrasound, focusing on the more explorable pulleys (A1) to confirm the evidence of thickening in patients with early arthritis in their hands and to investigate it as a predictive sign of PsA.
Methods
This prospective observational study was approved by the ethics committee at the University Hospital of Padua (Italy). In accordance with the principles outlined in the Declaration of Helsinki, every patient provided informed consent before enrollment.
Patients at rheumatology outpatient clinics in the Veneto region of Italy who presented with recent onset of arthritis in their hands between October 2014 and September 2017 were enrolled. Demographic, clinical and laboratory findings were recorded for every patient. The disease duration was defined as the interval between the onset of symptoms and the rheumatologist's evaluation.
Since tendon pulley thickness is often the result of mechanical stress with stenosing tenosynovitis (for example, in patients that make heavy use of their hands for work or athletic purposes), we excluded patients with this specific risk. As previously noted, diabetic patients were also excluded because of the high frequency of trigger finger already reported in this disease [5] [6] [7] .
In previous anatomical and sonographic studies, the mean ± standard deviation (M ± SD) of pulley thickness in healthy subject/controls was 0.6 ± 0.14 mm [8, 9] . We defined A1 pulley thickening as any value above two times the SD, prudentially increased to 1.0 mm.
Imaging
All ultrasound examinations were recorded using a Hitachi Ascendus Model EZU-MT28-SI and Linear 4 cm Probe 18 MHz Ref. EUP-L75, both of which were manufactured in April 2013 (Hitachi, Tokyo, Japan).
A radiologist (RS) and a rheumatologist (AF), both with more than 5 years' experience in hand-ultrasound (US), evaluated the study participants. To ensure interobserver agreement, the evaluations of the last 100 patients enrolled were independently repeated by a second sonographer. Finally, the US findings were recorded, and the patients were then followed by the treating rheumatologists for 1 year before final diagnoses were provided. We assumed this final diagnosis as the gold standard for the evaluation of the sensitivity and specificity of the sign.
The following structures were bilaterally evaluated with a multiplanar technique in the dorsal view according to the Backhaus et al. guidelines for musculoskeletal US in rheumatology (sections 4.3 wrist and 4.4 hand) [10] and with the addition of a pulley assessment: extensor digital tendons, sheaths and retinaculum, radiocarpal joint, ulnar styloid and surrounding soft tissues, carpal tunnel and median nerve, palmar plate, A1 pulleys of digital flexor tendons, metacarpophalangeal joints (MCP), proximal interphalangeal joints (PIP), distal interphalangeal joints (DIP), and trapeziummetacarpal joint (TMC). The limits of the pulley and other components were defined by dynamic examination. Thickening synovial membranes and the degree of power of Doppler signals were recorded. The former were also scored using the semi-quantitative scale developed by Filipucci (0-3) [11] . Hand digit volar aspects were studied in longitudinal and transverse planes. Measurement on the transverse plane was done for the A1 pulley at the thickest point of the pulley arcs, as shown in Fig. 1 .
Statistical methods
Based on the findings from epidemiological Italian studies [12] , where the prevalence of PsA was about 0.42%, a total of 206 enrolled patients was necessary to observe a difference of at least 30% in pulleys' thickening frequency between PsA and other diagnoses, with a power of 90% and an alpha error of 5%.
Baseline characteristics of and differences between the two groups were estimated using Student's t test. Furthermore, the diagnostic performance of the pulley sign was determined by calculating sensitivity, specificity, positive likelihood ratio (LR+), negative likelihood ratio (LR−), positive predictive value (PPV), and negative predictive value (NPV). Finally, interobserver concordance between the two sonographers in the thickening assessment was indicated using Cohen's κ. The κ values were interpreted as follows: 0-0.2 = poor agreement, 0.2-0.4 = fair agreement, 0.4-0.6 = moderate agreement, 0.6-0.8 = good agreement, and 0.8-1 = excellent agreement. All analyses were performed using MedCalc Statistical Software version 15.8 (MedCalc Software, Ostend, Belgium; https ://www.medca lc.org; 2015); p values < 0.05 were considered significant.
Results
A total of 228 patients were examined, but data were analyzed for only 206 of them because of the exclusion criteria. The study included 86 patients with thickening A1 pulleys (cases) and 120 without (controls). The details of demography and baseline clinical characteristics are reported in Table 1 . The case and control populations had comparable age ranges, M/F ratios, and disease durations. Pulley thickening was significantly associated with a family history of psoriasis (18/86 vs 3/120, p ˂ 0.001) and diabetes (9/86 vs 4/120, p = 0.036). However, there was no significant association with ischemic heart disease, hypertension, endocrinopathies or cancer (data not reported). An analysis of Fig. 1 The A1 pulley. a The A1 pulley scheme. T: flexor tendons (superficial and deep), VP: volar plate, MC metacarpal bone. b A normal A1 pulley, note the homogeneous and thin thickness of the arc and the transverse measurement of the thinness (arrowheads). c a thickened pulley, the arc thickness is more than 1 mm Table 2 shows the relation of the US findings to the clinical disease activity. Even after the data were stratified for a specific inflammatory condition (PsA, RA or UnA), there was no association between the US pulleys findings and the disease activity indexes, including the joint counts (tenderness and swollenness) and the DAS28-CRP. PsA patients presented cystic degeneration of the pulleys in 16/50 cases, vs 21/156 for all the other diseases (p = 0.004) but the number of fingers with cystic lesions was not different (1.43 ± 0.87 vs 1.75 ± 1.18, p = 0.369). There was also no association between the final diagnosis and the number of fingers affected by the thickening (M ± SD, PsA: 3.60 ± 2.56 vs other diagnosis 2.80 ± 1.77, p = 0.103).
The final diagnoses of the treating rheumatologist were compared with the US findings and the results are summarized in Table 3 and Fig. 2 . The sensitivity, specificity, LR+, and LR− for each diagnosis are reported. The pulley thickening was statistically associated with a final diagnosis of PsA (40/50, p < 0.001), with a sensitivity of 80.0% (CI 66.3-90.0%) and specificity of 71.0% (CI 62.3-77.5%). The sensitivity for the diagnosis of RA was 24.4% (CI 12.9-39.5%) and the specificity 53.4% (45.4-61.3%). For OA, the sensitivity was 23.5% (CI 12.8-37.5%) and the 
Discussion
This study used the US to explore whether the thickening of the pulleys in flexor tendons could be a useful sign in differential diagnoses of early arthritis.
There is a growing interest in specific findings relating to flexor tendons' involvement in PsA. After the end of this study, we read with interest the recent article published by Tinazzi et al. [13] , who reported thickening of accessory pulleys in patients with established PsA compared with other arthropathies. Thickening was especially pronounced in subjects with a history of dactylitis. Their results support the idea of a "deep" Koebner phenomenon in dactylitis and sites of high physical stress. While we are glad to note the two studies have similar results, the aim of our work was different. The population studied in our research was selected from early arthritis outpatient clinics. Our subjects included those with a mean low disease activity and a poor clinical differentiation rate. All were without a confirmed diagnosis. In this scenario, it was interesting to observe that the thickening of pulleys can be used as a sign to differentiate arthritis regardless of the disease activity assessed with the DAS28.
Even when we excluded diabetic patients, our analysis showed a higher frequency of pulleys thickening in subjects with at least a diabetic relative; other thickenings of connective tissue structures in the hand, such as those in the first extensor compartment of the wrist (De Quervain's tenosynovitis) or the volar plate (Dupuytren's disease) followed a similar trend.
This study had several limitations. First, we did not record the absolute thickness of the pulley, but only recorded the presence or absence of thickening. The choice of 1 mm as the limit of thickness was prudentially high, but not a validated value, as there are no relevant data published, and the mean results obtained by Tinazzi et al. were thinner (0.46-0.68 mm in PsA). This discrepancy may affect the sensitivity of our method. We also did not distinguish between the frequency of involvement of the dominant hand and that of individual fingers. Even if the focus of the study was on differential diagnoses of hand arthropathies, it would have been interesting to know if pulley thickening is present in patients with another kind of joint involvement. The patients of this study may not be representative to the PsA population in general.
In conclusion, this sign has good sensitivity (80%) as an indicator for a PsA diagnosis in the difficult scenario of early arthritis in the hand. The specificity for the disease is also high (71%). Additionally, the presence of cysts on the pulleys is frequently recorded in the same group. These results support the involvement of extra synovial structures as a key factor in differential diagnoses between PsA and other kinds of arthritis. However, taken alone, they do not provide enough PPV to suspect the disease if not associated with other classification criteria. For this reason, the presence of thickening in the pulleys of flexor tendons cannot be used as a single diagnostic factor, regardless of its usefulness in clinical assessment. That said, we suggest that sonographers should search for and report it during sonographic hand evaluations.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of interest.
Ethical approval This study was approved by the ethics committee at the University Hospital of Padua (Italy).
Informed consent Every patient provided informed consent before enrollment.
